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SYNOPSIS 


Pine particles of Al^O^ , ^’© 2^3 
recoverable in water-kerosene interface in presence of a 
surfactant such as sodium myristate The magnitude of 
recovery depends upon size and surface preparation of the 
particles as well as the extent of hydrophobization of the 
solid surface and stability of emulsion The last two 
factors depend upon surfactant concentration and pH 

Unsuccessful attempts have been made to correlate 
magnitudes of adsorption at different interfaces, inter- 
faoial tensions and contact angle through the G-ibbs 
Adsorption Equation and Yoxmg's Equation Various reasons 
have been ascribed to explain the lack of good correlation 

We have observed two phenomena which are not 
taken into account in Gibbs Adsorption and Young's equation 
Pirstly, after the three phase contact is established, the 
adsorption at the solid-organic liquid interface is found to 
be much more than the equilibrium values predicted from 
two-phase adsorption studies This excess is evidently due 
to the transfer of surfactant from the 0/W interface on to 
S/0 interface The second phenomenon relates to heightened 
adsorption at the three-phase interline More fundamental 
work is necessary towards a quantitative understanding of 
the interfacial recovery processes 



CHAPTER 1 


IHTRODUCTlf)H 


Recovery of mineral slimes (all particles below 
10 microns and most below 1 mici on) through conventional 
froth flotation process is a difficult proposition This 
accounts for loss of large amounts of valuable slimes in 
flotation tailings Several techniques xdiich have been 
attempted for pre f erent lal recovery of certain minerals 
from slimes are 1) liquid-liquid extraction process, 

2) ultra-flotation/piggy back flotation, 3) selective 
flocculation, 4) spherical agglomeration, 5) column 
flotation, 6) olectrostatic separation etc This thesis 
deals with the fundamental aspect of the first process 

In conventional froth flotation process, mineral 
particles are rendered hydrophobic bj the use of surface- 
active collectoi molecules, and gas (usually air) is used 
as the buoyant medium This process is less than a 
century old whereas the usage of oil instead of gas for 
recovery of mineral particles in the water— oil interface 
IS of more anciert tradition^ 

The practice of using oil and obtaining 
emulsion for collecting mineral particles at the emulsion 
interface has been recently revived McCarroll reported 
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emulsion f lota cion of manganese ores^ Piggy— back flotation 

of a high proportion of anatase slime on 60 (im calcite 
carrier particles could be enhanced through use of fatty 
acid collector and large quantity of light hydrocarbon oil^ 

Various workers demonstrated the role of fine 
particles in stabilising large interfaces^"® Pickering 
was the first to show that solid powders can stabilise 
oil-water dispersions^ Hildebrand proposed® that a thin 
layer of the outer liquid is much better protected against 
rupture if the solid particles project chiefly into the 
interior of the film Schulman and le^ja"^ as vrell as 
Grigorov et al emphasized the role of fine size of 
particles and large contact angle in stabilising emulsions 

A detailed study^ of the extraction of fine 
alumina particles considered a system consisting of particles, 
alkyl sulphonates of different chain lengths and iso-octane 
Greater chain length and aqueous concentration of surfactants 
yielded greater adsorption from the aqueous phase , contact 
angle and recovery Hjghest extraction occurred ^dien the 
contact angle exceeded 90*^ and the electrokinetic potential 
was zero Recently, Zambrana and co-workers have worked^® 
on the recovery of minus 10 micron particles of cassiterite 
using Aeroson 22 collector and gasoline Selective 
recovery of cassiterite has been reported Various 
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factors such as collector concentration, pH, agitation 
speed and oil to water ratio were studied 

Shergold and Mellgren have published the most 
important series of papers^^ on the suh^ectr They have 
worked on interfacial concentration of minerals in the 
water-iso-octane interface viz , hematite with sodium 
dodecyl sulphate as the collector^^®', quartz with dodecyl- 
amine as the collector and hematite with dodecylamine as 
the collector^^^ Various physical factors such as oil to 
water ratio, degree of agitation and chemical factors such 
as surfactant concentration, pH etc were studied Tho 
authors claimed good correlation between mineral recovery 
at the interface and adsorption on the solid-water interface 
( 1^) f contact angle (9), Zeta potential and work of adhesion 
- CosQ)] etc When pH was studied as a 
variable, maximum recoveries occurred at intermediate pH 
values where 9 and P also showed maxima and Zeta potential 
was very close to zero The authors recognised the role 
of surfactant adsorption on the hydrocarbon-solid interface 
and yet did not undertake any measiirement work in this 
regard This aspect has been ignored by other workers also 

The present senes of investigation has been 
undertaken to study 

(l) recoverability of rutile slimes in water-hydro carbon- 
fatty acid salt systems (recovery of titanium dioxide 
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slime from paper and pigment industry waste effluents 
by Gongulntion/f lotation technique has been recently 
investig-itcd^^) and also of fine particles of Al^O^ 
and in similar systems, and to study ^ 

(2) the fundamental aspects of liquid-liquid extraction 
of fine p-^rticles (such as mentioned above) - 
specially the adsorption phenomenon on the hydrocarbon- 
solid int..rface and on the three-phase interline which 
has been hitherto ignored Some preliminary work on 
the fundamental aspects was done by A Bhargava^^ in 
this laboratory The present work may be deemed to 
be an extension of Bhargava's thesis 
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CHAPa?ER 2 
MTERIALS 


Phe details of the chemicals and the materials 
used are mentioned below 

2 1 Oxide Powders 

Titanium dioxide powder manufactured by May and 
Baker Ltd , U K was used for liquid-liquid extraction 
experiments The estimated purity is greater tlian 98 per 
cent and the sample does not contain more than 0 5 per cent 
water-soluble substance Sizes of the particles range from 
~ to 3 micron® The detailed information is given in Pig 1 
and Table 1 

99 per cent pure Aluminum oxide was of B D H 
(UK) variety Fig 1 and Table 2 contain the size 
distribution data for the ^ - 9 p AlgO^ particles Specific 

p 

surface area of this sample is 3 x 10^ cm /g For certain 
experiments, coarser variety of Al20^ was also used Data 
for coarse Al^O^ are given in Fig 2 

Analytically pure ( + 99"/) Fe^O^ powders were 

used This had size range between ^ to 4 p (vide Table 3» 

4 2 / 

Pig 1) Specific surface area of this sample is 10 cm /g 

®'Ihe particle size is determined by observing 3 slides of each 
sample under microscope and each case nearly 600 particles are 
observed These ohservatlons were giving agreeable results 
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For contact angle and three-phase experiments 

1 cm cube cor|;ii»d'am crystal was used This crystal with 
(100) planes ci b and polished was supplied hy linde Co , 
Chicago, USA 

2 2 Liquids 

Louhlo-distilled water, pure dodecane and 
distilled kerosene were used for various experiments 

n-dodocane was procxired from B D H Chemicals 
Ltd , U K This was distilled at 215°C Purity estimated 
hy gas-liquid chromatography was greater than 99 per cent 
n-dodecane was used for adsorption and three-phase contact 
experiments 

Straight-run kerosene obtained from Indian Oil 
Corporation Ltd was allowed to stand for 24 hours over 
strong caustic soda solution for removal of fatty acid and 
other natural surface-active agents Suhsequeiitlyr this 
was distilled under reduced pressure (lO mm of Hg), the 
fraction collected between 80° and 120°C had a natural 
b p of 200 - 240°C and was used for liquid-liquid 
extraction of fine particles 

2 3 Collector 

Sodium myristate was used as collector throu^— 
out the course of the experiments 
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The luatagged myristic acid was ohtained from 
the Hormel Institute fatty acid project at University of 
Minnesota, USA Estimated purity was / 99 pe^r cent as 
determined hy gas-liquid and thin-layer chromatography 
analysis The molecular formula of myristic acid is 
CH^( CHg molecular weight 228 56 

SodiuDi myristate was prepared by the well-hnown 
procodure^^ of saponification in alcoholic medium, 
evaporation of alcohol and crystallisation from acetone 

The labelled myristic acid was obtained from 
the isotope division of Bhabha Atomic Research Centre, 
Bombay, India The specific activity of the acid is 
reported to be 5 21 mO^/m mole The labelled myristic 
acid was obtained in solid form and was dissolved in 


benzene 
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CHAPTER 5 

EXPERIMENTAL PROOEEURES 


3 1 Liquid --Li qi id Extraction of Pine Particles 

150 GO of aq.ueou 3 solution of surfactant vas 
equilibrated for 20 mins -with. 1 g of material to be 
floated and 75 c c of kerosene in the apparatus sbown in 
Eig 3 Through, the piston arrangement about 20 c c of 
kerosene was sucked up from the top layer and then pushed 
through the 0 7 mm internal diameter nozzle in aqueous 
solution in about 1 sec One experiment consisted of 20 
such circulations Subsequently, the system was allowed 
to stand by itself for ^ an hour Then the particles 
collected at the interface were removed through the side 
stop~cock, filtered, dried at 120°C and weired The 
aqueous solution in the bottom of the flask was taken for 
pH measurements 

3 2 Tracer-Technique for Sodium Mvristate Estimation 

This technique was employed to estimate 
labelled sodium myristate, its distribution across water 
and n-dodecane and its adsorption on mineral surfaces 
from aqueous '^nd n-dodecane phases 
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The ‘cracer element carbon -14 used to label 
myristic acid is a weak p-emitter and has a half-life of 
5700 years The maximum energy of p-range is 0 155 Mev 
and would penetrate a layer of 0 2 cm thick myristic acid 
In the present investigation, the Geiger Muller counting 
system (GCS-13 of Electronic Corporation of India) has 
been used Ib consists of a high voltage supply, a preset 
timer and a decade scaler to record the number of counts 
from the G M detector Fig 4 shows the characteristic 
curve for the G detector Appropriate disc bias and 
filament voltages were chosen 

3 5 Preparation of Tagged Sodium Myristato Solution 

A suitable q.uantity of tagged myristic acid (7 mg 
of labelled myristic acid was dissolved in 10 ml of 
benzene and 0 1 ml of this solution) was taken from the 
vial to a volumetric flask Excess of sodium hydroxide 
solution was added to make the volume around 15 ml The 
mixture was kept at 60^G for six hours in a thermostat for 
frequent shaking The stopper was frequently opened to 
allow the benzene vapour to escape At the end of this 
period of saponification, the resulting solution was 
added to a solution of untagged sodium myristato The 
ratio of tagged t- untagged was 5 170 or 1 34 as 
maintained through the course of various experiments 
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5 4 Standard Girirves 

2 ml of solutions of different concentrations 
were evaporated bo dryness on stainless steel pans 
These were placed directly under the 0- M counter and the 
total number of counts were noted Necessary background 
corrections were made Standard calibration curves were 
obtained for different pH values Using these calibration 
curves (vide Pigs 5-7) solute was estimated in solutions 
of unknown concentrations 

3 5 Distribution of Sodium Mvristate Between n-Dodecane 
and Water 

30 ml of aqueous solutions of sodium myristate 
were equilibrated at different pH with 10 ml of n-dodecane 
at 30 + 1°C for 6 hrs The aqueous solution contained 
taggea myristic acid in proportions mentioned earlier 
After equilibration, concentrations in different phases 
were estimated after evaporation of 2 ml of solution and 
using the G M counter and the calibration curves 

3 6 Adsorption Measurements 

10 ml of aqueous solution of sodium myristate 
previously equilibrated with dodecane were used One gram 
of powder was shaken vigorously with the solution for 








xPtt =7 A 
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^ an hotir and kept at 30 + 1°C in a t fec?^mocta'^ for six 
hours The supernatant liquid was taken out with a 
pipette and cenbrifuged at 1500 r p m Two ml of the 
clear solution were transferred to the stainless steel pan 
for estimation of equilibrium concentration after adsor- 
ption The amount adsorbed could be calculated from the 
difference in concentrations 


Similarly, 5 ml of the equilibrated dodecane 
phase were used together with 0 5 g of oxide powder for 
adsorption experiments 


3 7 Three-Phase Interline Adsorntion Experiments 

Thoroughly cleaned corundum crystal was placed 
in a cuvette which contained 25 ml of tagged sodim 
myristate solucion whose concentration and pH were known 
One drop of equilibrated dodecane ( -'v ^ c c ) was made to 
attach on the solid surface by a bubble holder After 
allowing suffn cient time for stable contact an hour) , 
the crystal wa*^ then taken out of the cuvette (when the 
bubble also got detached) In certain experiments, the 
entire surface \ 7 as rinsed with small quantity of water 
( 1 c c ) and in some other experiments, the crystal was 

not rinsed but merely tilted for free draining of super- 
ficial liquids In all cases, the crystals were dried 
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and then mounted on the base of a travelling microscope 
-which had a least co-unt of 0 01 mm 

G M cQ-unter tube, which had a lead disc, with, 
a fine hole of 0 004 inch was attached at the bottom, and 
the whole assembly was mounted on a perspex stand The 
entire surface of the crystal was scanned by moving the 
crystal under the G M tube along a diameter The 
absolute co-unt rates were obtained at different distances 
from one end These were taken as measures of local 
adsorption densities 

3 8 Contact Angle Experiments 

For the measurement of contact angles, captive 
bubble technique was used Sodium myristate solution 
which had been equilibrated with dodecane was taken in a 
cuvette and the single crystal of corumdum was submerged 
in It A drop of equilibrated dodecane was placed on the 
crystal by a bubble holder The image of the bubble was 
pro 3 ected on a flat paper surface, and the contact angles 
were measured by drawing tangents and measuring the angle 
in the aqueous phase between the tangent and the projected 


I 

! 


interline 
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CHAPTER 4 

EXPERIMTAL AND SOME COMPUTED RESUITS 

^ ^ Extraction of Particles at the Vater—Kerosene Interface 

Liquid-liquid extraction experiments were 
performed as described under Section 3 1 Solid particles 
used were (a) fine alumina 05-9 micron size (vide 
Eig 1 ) (b) same fine alumina particles washed with 

acetone and dilute HCl to free the surface from any 
possible impurity (c) coarse alumina 5-60 micron size 
(vide Fig 2) (d) rutile and (e) ^ 62*^3 

distribution of which are given in Tables 1 and 3 and 
Fig 1 

( a) Recovery without any collector 

Tables 4-7 and Figs 8-9 contain the data on 
recovery of Al^O^ (washed, unwashed fine and coarse), ^^^2 
and Fe 20 ^ particles in the water -kero sene interface without 
any collector at different pH values of the aqueous system 
Reproducibility of recovery was ±2 per cent For Al 20 ^, 
it was observed that emulsion gets stabler at higher pH 
particularly above 7 0 Around 7 5 pH fine particles 
form some clusters at the interface With coarse ^3.2^3 
particles, emulsion stability is less and maximimi aroimd 
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pH 6 0 Recovery is also less With recovery is 

maximvmi at a pH of aroiind 7 0 Emulsion gets stabler 
above 6 5 pH Eor rutile, recovery is much less compared 
to -A-lgO^ and Pe^O^ Emulsion stability is maximum in the 
pH range 6 5 - 10 0 

( ^ ) Recovery with increase in collector concentration 

Tables 8-11 and Pigs 10-11 show the effect of 

increasing concentration of sodium myristate in the aqueous 

phase on increasing recovery of the particles For AlgO^ 

and T 1 O 2 emulsion stability was found to increase with 

-4 / 

increasing collector concentration Around 10 m/1 

concentration, formation of clusters was observed Copious 
emulsion at high pH and collector concentration gave 
poorer reproducibility of the p c recovery (+ lO'p For 
Pe^O^ at higher collector concentration ( ^ 2 x lO”^ m/l ), 
clusters get bigger at the interface, trap a large amount 
of kerosene This kerosene-Pe20^ sludge sinks at the 
bottom of the aqueous phase and explains the decrease in 
recovery of PCgO^ with increasing collector concentration 

Dilution tests clearly show that the emulsions 
are 0/W type and the sludge is essentially an oily phase 

( c) Recovery as a function of nH in presence of collector 

Tables 12-16 and Figs 12-13 contain the data 
related to recovery of oxide particles in the liquid-liquid 
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interface in presence of collector as a function of pH 

With Al^O^ , there is substantial cluster 
formation upto pH 8 0 above -which there is less cluster^ 
and emulsion fiots stabler With I'e.O, there are clusters 
and little emulsion in the pH range 6 5 ~ 9 5 above which 
emulsion becomes stabler With TiOg » maxim-um recovery is 
at pH 90—95 and pH 10 5 when the collector concent- 
rations are 4 x 10"^ (Pig and 2 x 10"^ m/l 

respectively With more collector concentration, the pH 
range for emulsion stability becomes wider 

( d ) Attempts f or separation of Al oO'ai /Feo O-:^^ through tho 
use of the above technique *” ”” 

Pigs 9, 11 and 13 show that Al 20 j/Pe 20 ^ 
separation may be marginally possible under certain 
conditions eg (l) no collector and extreme pH such as 
3 0 or 10 0 (ii) high collector concentration such as 
10 m/l at neutral pH which would however involve lot 
of consumption of collector as well as kerosene (iii) use 
of collector and low pH It is also clear hoxfl-ever that 
in the neutral range of pH and moderate sodium myristato 
concentration behaviour of A1_0, and Pe^O, are similar 

Some experiments were performed with 50 50 

(by weight) mixture of Al^O^ and Results shown 

in Table 17 confirm the difficulty in separation of Al^O, 

2 3 



29 


from using the present system If the present ^ 

techniq_ue has to he used for heneficiating high alumina 
iron-ore, then some other specific collector should he 
investigated 


4 2 Distrihution of Surfactant (Sodium Mvri state/ 
Myristi^ Acid) 'Across Water and n-dodecano 

Following the procedure outlined in Section 3 
surfactant diotrihutions across the two phases were 
determined ab different pH values 

Assuming myristio acid to he compatible in both 
the phases and myri state ion in the aqueous phase only, 
we may write 


[ROOOHIq 

[RCOO“] ^ [RCOOH]^ 


and 


[RCOOH]q 

[ROOOH]^ 


( 2 ) 


where subscripts 'O’ and 'Vr refer to the organic and 
aqueous phases If the model is valid, then D (hut not 
K^) should be constant at a particular temperature and 
independent of pH 


We may further write 


30 


K 


D 


D 


■D 


[RCOO"]^ 


1 + 


1 + 


where 


K 


a 


[ROOOH]„ 
[EOOOH]^ 


K [H’''] 
a‘- 




(3) 


(4) 


for the reaction 


RGOOH ^ RCOO~ + H 


K 


where 


^ = 


[ROOOH]^[OH"]y 

[RCOO"]^ 


IB (0 63 - 1 56) X 10~^ at 25*^0 according to Powney and. 
co-workers^® 

5 

Wicn pH IS low, say 4 then K being 10 

a 

- IS / 1 and hence K- D On the other hand for 

K ^ ^ 

a I 

very high pH ^ 5, (say 7-8) l/I^g^H is ^ 1 and hence 

Kj, = Ky D 

Tabulated data (Table 18) and Rig 14 show 
variation of Kj^ as a function of pH and also the values 
of D at different pH Wide variation of D with pH 
indicates that the above model is not fully valid 


4 3 Adsorntion of Sodium Mvristate/Myristic Acid from 
Aqueous and Dodecane Phases 

Adsorption measurements were made following the 
procedure given in Section 5 6 The various results 


• • 
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are given in T&bles 19“2i and Figures 15-19 Similar 
adsorption daca on rutile compiled by Bhargava"^ are given 
in Fig 20® 


4 4 Adsorption Across Three-Phase Interline 


Figs 21-22 contain the information on the 
radioactive counts per minute (direct measures of adsorption 


density) across the three-phase interline i e on the 

tKp 

solid-water interface, the interline — where^three-i^phases 
c^j meet^ and the solid-dodecane drop interface The 

techniques has been described in Section 3 7 Relative 
adsorption density values on the corumdum surface om 

the aqueous phase, Pq from the organic phase and on the 
interline) are tabulated in Table 22 and compared with 
equilibrium adsorption data — given in Fig 19 and 
Tables 19-21 
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4 5 Contact Anale Measurements 

Adopting the technique outline^ in Section 3 8, 
contact angle measuraments were made on corundum crystal- 
water-dodecane-sodium myristate system at different pH 
and collector concentrations The data are given in 
Fig 23 and Table 23 

®If we consider the reproducibility in the case of adsorption 
experiments , it is of the order of percent 

®®aihe reproduoibilit7 in the case of contact angle is very 
"’'good it is of the order of +5 percent. 


t w 

Concentration of Na-My [r 

ADSORPTION ISOTHeRM OF N 
WATf R PHASE 












f it " <4 

if 1 cf 1 

f . < Vi'.?' 

A 7 y r * 


«»' M y 













v- -A'-.r.' 

•'!? " ^ 's • 
. ; Av''***\ ■ '*'• 





































42 


4 6 


Parameters on CorundTim- 


later^po c leoang Th ree-Phase Contact Systems 


Presence of soditmi myristate/myristic acid 
as surfactanb induces adsorption on the solid-organic 
liquid, dodecane (SO), solid-water (SW) as well as water- 
organic liquid (WO) interfaces Values of Pg^ and Pg^ 
have been reported earlier in this thesis Interfacial 
tension data on watep-dodecane-sodium myristate system 
at different pH and surfactant concentrations have been 
reported by Bhargava^^ and used in this thesis 

The three interfacial energies Yso» ^SW 
Yyo related to the contact angle (&) measured in the 
aqueous phase Under equilibrium conditions. Young’s 
equation statos 


^SO “ ^SW * ^¥0 

Finite contact angle of the three-phase system (©), and 
increasing hydrophobicity or increasing 0 are character- 
ised by decreases in Y^q hence of y^q CosQ 

Work of adhesion, W^ is defined as the decrease 
in surface free energy of the system due to replacement 
of W/0 and S/W interfaces by S/O interface i e 

“ ^WO ''^SW “■ ”^30 “ "'''WO^^ ” Cos©) (2) 
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Table 23 contains (apart from the contact 
angle data) "Values taken from Bhargava's thesis^^ and 
computed values of Cos© and in dynes/cm or ergs/cm^ 

The plot in fig 24 shows that y^q Cos© syste- 
matically decreases with increase in surfactant concent- 
ration pH dependence is not severe except in the case of 
pH 7 4 for which contact angles are larger (vide fig 23) 
and decrease in y^q Cos© is maximum at 10“^ m/1 surfactant 
concentration fig 25 also shows maximim © and work of 

adhesion at pH around 7 4 when surfactant concentration 

“5 

IS 10 m/l Adsorption from the aq.ueous phase is 

however maximum around pH 8 0 It may be pointed out that 
lowering of was found^^ to be greater when pH was 
increased from 7 0 to 9 0 Fig 26 shows maximum recovery 
of rutile at pH around 9 0 which is larger than the pH 
values at which ©, etc are maximum^^ 

It IS difficult to compute changes in the 
L H S terms in equation (l) i e Y30 and Yg^ unless the 
validity of the Gibbs Adsorption Equation is assumed 

dY = - s^dT - 5 ;;; Pi (3) 

where y ra the xnterfacial energy# s^, the specific 
surface entropy, T the temperature, in absolute degrees, 

P the surface excess or adsorption in mole/cm^ and p 




nes/cm 
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the chemical potential for the ith species Ass-uming 
constant temperature and the presence of only one surfac- 
tant species f fchc previous equation may be re-written as 

dy = - p dp = - RT P d In c (4) 


c IS the bulh concentration equalling activity as an 
approximation 

If ¥0 asame , that the adsorption density 

P = K o“ (5) 


where n is the slope in log p - log c plot , then equation 
(4) can be integrated 


Ay 


P dp = 


- 2 303 RT R c 


n dc 


= - 2 303 X 2 5 X ID 


10 


K 




dc 


= - 3*75 X 10^^ I 


( 6 ) 


where c^ is the final loncentrat on and c^ the initial 
value which could be sometimes taken as zero in which case 

(7) 


^ y = - K- C 

K’ = 


n 


, „ 5 , 

n 


1C 


K 


where 
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The data given m Tables 19-21 and Pigs 19-20 
have been pioccssed m order to obtain typical values of 
K, K' and n which are given in Table 24 Typical A 
A Yqq plots for the corundum system are given in 
Pig 27 At very low surfactant concentrations, abstraction 
of surfactant from the organic phase is almost complete 
Adsorption is larger than the extrapolated value Hence 
AYg^ "’ro lower than actual 

If Eci 1 ivere valid then (AYgg ~ A Y 3 ^) would 
be numerically equal to ^7^0 Cos©) over a particular 
range This has been tested over the range 10’*'^ to lO”^ 
mole /lit surfactant concentration in the aqueous phase 
and corresponding equilibrium concentration in the organic 
phase Some typical and computed values are given in 
Table 25 


IntcrPacial tension data obtained by Bhargava^^ 
have been used to plot y - logo plot (Pig 28) from which 
tentative value of adsorption density (IT^q) m the organic 
liquid-water interface can be computed y^q Cos© values 


are plotted against Ywn Ag 29 Typical valuer of 
dv , df-VwO 

- obtained from the above figures are 


and 


d logo — - d Y^O 
listed in Table 26 


Significance of all the computed values shall 
be discussed in the next chapter 


n-Dodecone soluhon 
Aqu? MJS soluti )n pn jo 


Aqueous solution oH 6 7 
7 4,80 8.10 8 ’ 


Aqueous 
p H 4 4 
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CHAPTER 5 

DISCUSSION OF RESTTT.TO AWD OONCIUSIONS 


Recovery of solid particles in the -water-organic 
liquid interface seems to be dependent upon not only (i) 
the nature of particles (Pigs 9, 11, 13) but also (ix) 
surfactant concentration (Pigs 10, 11), (iii) pR (Figs 
8, 9, 12 and 13) (iv) particle size and (v) surface 
treatment (Pigs 8, 10 and 12) 

(i) -^2*^3 rendered hydrophobic 

more easily than 1102 difficult to separate -^ 12^3 

from Pe202 (Table 17) for which magnitudes of surfactant 
adsorption are similar (Table 21) 

(ii) With increase m collector concentration 
particularly near its cmc (28-29x10^ mole /lit 
even coarse Al^O^ and T 1 O 2 (Figs 10 and 11) are recoverable 
in greater quanbity This is due to stabler emulsion and 
more pronounced adsorption of the collector For Al20^ 

and FCoOcr, pronounced adsorption leads to trapping substantial 

Cm ✓ 

amo-unt of hydrocarbon ” when this oily sludge containing 
heavy mineral sinks in the aqueous phase lowering the 
recovery value in the interface It may be noted in this 
connection that adsorption density of sodi-um myristate on 
A1 0 and FSoO^ at specific pH and collector concentration 

23 23 
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are often^ One order of magnitude larger than the corres- 
ponding adsorption density on (vide Tables 19 » 21 

and Pigs 19, 20) 

i \ 

(ill) Pigs 8, 9, 13 and show that recovery 
of coarse Al^O^, ^®2^3 are optimum at some inter- 

mediate pH Some detailed discussions on this point shall 
he made later in this chapter 

(iv) It IS seen that fine particles are more 

fi n 

easily recoverable It is known * that very good 
emulsions can be obtained with micron and sub-micron size 
particles Thus, at least for the system studied, high 
pH as well as fine particulate size are distinct factors 
for stabilising emulsions and hence better recovery 

(v) It IS difficult to interpret some of the 
results given in Pigs 8 and 9 which show that particles 
are recoverable without any collector It is kno^m that 
solids capable of stabilising oil-water emulsions are 
either inherci tly wettable partly by oil and partly by 
water (only low energy solids fall in this category) or are 
made partly wettable by coating them with a suitable agent 
Al^O^, Pe 20 ^ and TiO^ are known as hydroph^ic solids 

The recovery yields as reported in Pigs 8 and 9 may be 
due to fine size of the particles, trace surfactant 
impurities on solids (alumina washed with acetone and 
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dilute HOI are leas recoverable) or trace surfactant 
impurrtioa in kerosene® (which might have remained inspite 
of alkali troa bment and distillation) 

Somasundaram and Moudgil found that altimina is 
flotablo in triple distilled water saturated with hydro- 
carbon gases like methane and butane, and suggested that 
the hydrocarbon molecules can adsorb at the alumina^ 
solution interface even in the absence of adsorbed collector 
spocios Methane or butane dissolved in sodiim dodecyl 
sulfonate collector solutions was found to increase the 
flotation of alumina (Such influences were not observed 
for hematite or quartz) A similar effect is not unlikely 
in our system 

The ollect of pH on the recovery yield could be 
a cumulative one of a large number of factors such as 
variations of concentrations of surfactant species in the 
bulk phases I adsorption in the solid-water interface, 
surface charge on the solid, adsorption on the solid-oil, 
and oil-water interfaces as well as on the three phase 
interline affecting contact angle, work of adhesion, 
lowering of interfacial free energies etc 

Some discussion has been made in Section 4 2 
as regards the existence of the surfactant as two possible 
species -* weak or essentially undissociated acid and the 
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myristate anion , the first being more compatible with the 
dodo cane phase and the second with the aqueous phase 
The possibility of the existence of a loose complex between 
the acid and anion can not be ruled out because if there 
were only two non-interacting species, then the rigorous 
treatment given in Section 4 2 demands constanoz of 'D , 
distribution coefficient of myristic acid across the 
dodecane and water phase irrespective of variation of pH> 


this is nor borne out in the expeiimental data (vide 
Table 18 last column) Association or interaction leading 
to formation of such a complex is more likely at interm 
pH in which concentrations of the two species in two phases 
would be substantial Oockbain and McMullen applied 
Dalton's law analogue on interfacial tension data for 
water-deoane system and obtained evidence of soap-alcohol 

interaction 


3-9 

Intorfacial tension measurements have shown 
the ability of the n-hexadecane and cyclo-hexane o / 
interfaces to eepport a arrei fxlm of lauratc-lacrxo acxd 
while ohlorofo» dxd not Eoeane et al have poxnted out 
earlier^ that-, xn nioellar aolutxons of laurate , 1 1 
.aid soap f. fomed whxoh xs .ore surfaoe-aetxve than 

. antx-n or lauric acid The presence of 
eithor the neutral soap o 

4 . T T-f nridifxcation was confirmed by X-ray 
aoid-soap at half acidixicaT- 


data 
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Dati on adsorption from the aqueous phase 
(Tables 19, 21 5 Figs 15-20) show very low adsorption 
magnitude at low pH such as 4 4 and 5 4 at which the 
relative proportions of myristate 10ns in the aqueous phase 
would be low There are spectroscopic evidences^^ 
that fatty acid is adsorbed at low pH and the anion 
chemically adsorbed at higher pH on oxides like rutile, 
ilmenlte etc Some attempts have been made in the past 
to attribute optimum interfacial recovery of minerals- to 
tho optimum coll'Cotor adsorption at ths solrd-^ter 
interface at some intermediate pH value 
the present series of study, maximiun contact angle and 
maximum adsorption of surfactant on corundum took place 
at pH 7 5 and 8 0 respectively (Fig 25) Complete 
recovery of corundum in the water-kerosene interface took 
place only when pH exceeded 8 0 (Fig 8 and 9) ^^Slmllarly 
Pig ^ shows that for rutile surface, adsorption maxima 
is at pH 7,8 and recovery maxima around 9 0 At very high 
pH, adsorption of myristate ion 10 low on account of 
competition from OH" ion to be adsorbed on the solid 
surface, and hence the recovery also comes down This 
aspect of competition has been discussed in an earlier 
22 

paper 

It should also be mentioned that adsorption 

not be the only crucial factor 


from the aqueous phase may 
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Shorgold and MGllgren's work on hematite— iso— oc tan.© — 

dodecylamino^^ shows that at pH below 5 0, contact angle 

and rocovory valuos are very low inspite of a reasonably 

large magnitude of adsorption from the aqueous phase 

Evidently, other factors such as ads orpt ion ^ from the 

organic phase may be crucial as admitted by Shergold and 

Mollgren^^”^^ Joy and Watson have given evidence 

that particulate flotation was not uniquely ,r elated to 

tho magnitude of adsorption from the aqueous phase In 

hematite-dodooylamine system for example, flotation edge 

line with respect to collector 3 ^ concentration “ pH 

plot does not correspond to any equal adsorption magnitude 

curve Maximiom adsorption and recovery have often been 

claimed to correspond to minim\mi Zeta potential of the 

solid surface^ However it has been questioned by 

Kitchener^^"*^ whether some 'coincidence' between flotation 

yield, maximum contact angle and zero Zeta potential could 

2 4 

be taken as universal Iskra and laskowski have reported 

that quartz coated with trimethyl chlorosilane floats well 

with frother alone despite its high Zeta potential It 

may h© noted here -that zero point of charge of alumina 

IS 9 - 9 4,^^ mineral hematite 4 8 - 6 7, synthetic 

2 ^ 

8 6 and rutile T 1 O 2 5 8-67 

In a flotation system involving solid-water- 
alway,® possible to make direct 


gas, it has not been 
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measurements regarding surfactant adsorption on tlie solid- 
gas interface Similarly, although several studies have 
■been made on c'^rticle recovery in -water-organic liq.uid 
inborfacoSj, surfactant adsorption on solid-organic liquid 
inborfaco has hardly been measured Gaudin and Decker’s 
pioneering -work^® involved adsorption measurement from 
the organic phase hut was not extended to particle 
recovery 


Tho present series of study clearly shows (I'lg 
19) that adsorx^bion is larger from the organic liquid 
phase compared to the magnitude of adsorption from the 
aq.uooua phaso APoTe 5 x lO"^ m/1 eauilitrium oonoentra- 
tlon howovar, atiS for pH aPove 7 0, adaorptxon magnitudes 
are of similar order, and sometimes the magnitude of 
adsorption from the aqueous phase is greater Similar 
trends have Peon opserved Py Saudin and Decker and by 
Bhargava^fi (Fig 20 in this thesis) Vdiile comparing the 
adsorption magnitudes, we must use the distribution coeff- 
icient data so that the equiliPrium eonoentration values 
in the two phases are not necessarily identical Wh 

pH and oonoontrntion values are both low, Tgo 

XV r This satisfies the thermodynamic 
groator than ' gv ^ 29 

X j vr riD -Rriivn Over Peek and Schunman , 
requirement postulated by De Bruyn, uv 

V « o-F validity of &ihhs adsorption 
and derived on the PiBis of validity 
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nnd Young s eq.uation Assuming validity of the two above 
equations, Smolders derived the relationship^® 

filial!!! r-30 ~ Fsw 

= rST" 

If De Bruyn's postulate has to be correct the L H S on 
tho above equabion has to be positive This is more or 
leas borne out in the data presented in Pig 29 Por 
pH 7 4 and hiph surfactant concentration however, the 
slop© is nogabive and Pig 19 also shows that can 

exceed for high pH and surfactant concentration 

It has been suggested earlier in Section 4 6 
that with reference to the equation Ygo ” ~ 

the variations in y^q CosO can be obtained from the experi- 
mentally determined values and that changes in Ygo 
Yg^ can be computed from the adsorption isotherm data 
assuming Gibbs Adsorption Equation Equality of the 
changes in I.ll S i e (AYgo with changes in 

E H S, would establish the various thenaodynamic postulates 
Gaudin and Decker reported^® a qualitative correlation 
In our case however (vidr Table 25) ^ the correlation is 
far from satisfactory It is significant however that 
A Ygo much larger than A Yg^ values particularly 

at not-too-high sarfaeJ ant concentrations, and are of 
similar order of magnitude as that of ACYgy CosG) 
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The other basis of correlation, of the data 
in terms of G-ibbs Adsorption and Young's e*qu.ation is the 
oq.uatio'n proposed by Smolder^*^’^^, given before Data 
in Digs 28 and 29 and Table 26 show that there is some 

-4 

qualitative agreement in some cases (eg pH 7 4 Sind 10 
m/1 aqueous phase concentration) At lower concentration 
such as 8 X 10""^ m/l and pH 7 4, the correlation is very 
poor F gjj me'^sured is much less than predicted value 
Shorgold and Mollgren earlier referred to the 

unrealistically high value of as predicted throu^ 

Smolder's equation 

Lack of correlation as mentioned above could be 
attributed to the following reasons 

1 Equilibrium may not have been attained 

The phenomenon of hysteresis of contact angle well— 

, . 28,31 

documented by Prof A.M Gaudin and his collaborators 
shows that one could never be sure of the value of equil 
ibrium contact angle 

2, Gibbs adsorption equation may not be valid 

particularly uhon chemisorption is involved as on water- 

solid surface for ionic surfactants 

3 Thermodynamic Laplace and Young's equation 

do not provide a complete characterisation of equilibrium 

with regard to solid-flumd-fl'^'i three phase contact 

52 

as shown by De Bruyn et al 
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Quoaatitative confirmation of De Bruyn's 
poBtulnto^^ nnd quantitative correlation Between contact 
angle data as measured and as predicted through Gihhs 
Adsorption bion and Young’s equation have Been oBtained 

33 

for three fluid systems such as mercury-gas-water 
Attempts for similar correlation in solid-fluid-fluid 
systems have not yielded positive results so far 


Adsorption measurements across three-phase 
intorlino on corundum and rutile ha^^ yielded very inter- 
esting results The magnitude of adsorption on the solid- 
organic liquid interface (fgo) relative to Tgy is much 
larger in three-phase experiments than the ratio of Tgo 

r«Tf values oBtained under two-phase equiliBrium conditions 

> SW 34 

(vide Table 22) It has been separately estaBlishe 

that the adsorption magnitudes on very fine particles and 
oorreeponding coarse particles are of similar magnitude 
thou^ not identloal It has been also established as 
shown in Table 22 that rinsing (or lack of i ) 
crystal surfsoo after three-phase contact does not alter 
tho ratios substantially The high value of Tso I 0 
can not be atiributed to non-a«ainment of equilibrium 
The only plausible reason seems to be transfe 
surfactant molecules from the 0/W interface to the S/0 
^ 4 --hfl three -phas« contact gets established 

interface as the thre p 

o nhqerved m a flotation system 
This phenomenon was oBserv a 
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■f 


Ptirthemiore j adsorption at the three-phase mterline seems 
to exceed and ^ m all cases Concentration of 


surfactant at the thtee-phase interline has been reported 


,21,57 


i 


earlier ’ Three-*phase contact perimeter study made 
by Viswanathan and Ma^umdar^® showed that migration of 
collector takes place towards the contact perimeter under 
flotation conditions whereas it does not take place under 
non-flotation conditions (e g» in presence of depressor) 
fable 22 shows that the adsorption density in the interline 


is in the neighhoiirhood of the value for a monolayer 
ooverage (6 6 x 10 mole/cm^) and sometimes more The 
actual value may indeed be even more because the length 
of the crystal surface scanned at a time across the 
three-phase interline (vide Section 3 * 1 ) was 0 1 mm ^ich 
is likely to be much larger than the thickness of the 


interline . 


To summarise, the studies made in this series 
indicate that* 

1 AlgOj, Fe 203 and TiO^ particles are 
raoovarable Ui water-kerosene interface in presence of a 
surfactant suck as scdinn mjrietate The exact magnitude 
of recovery depends upon size and surface preparation of 
the particles as well as surfactant concentration and jfl 

2 Qualitative relationships exist between the 


V 
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rooovGry yield, adsorption magnitudes at different inter- 
laces (fg^, and Pg^) 

5 Quantitative correlations "between adsorption 

magnitudes, lowering of interfacial free energies (Ay) 

contact angle (0), adhesion tension (Yait Cos0)ftWork of 

U W / 

adhesion, Yq^(1 “ Cos©) etc have been attempted The 
correlations are far from satisfactory Various reasons 
have been asciibod to explain the lack of good correlation 

4 There are evidences of enhanced adsorption 

at the (so) interface mainly from the (0¥) interface source 
during the establishment of three-phase contact Height- 
ened adsorption at the three-phase interline to the extent 
of mono- or mulbi-molecular coverage has been manifest in 
most oases Insofar as these two factors are unaccounted 
in Young's equation, lack of quantitative correlation as 
discussed above is not surprising 

5 Vi/hile the scope of recovery of micron and 
sub-raioron par bides m water-organic liquid system is 
established for three minerals, much more fundamental 
work is neoos&ary for a basic understanding of the inter 

facial process 
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Talle 1 

Pa yticle Size Distribution of 


Size 

Uo of particles 

4- [X 

25 

1 ^ 

39 

2 VI 

28 

3 Vi 

8 


Particle 

Table 2 

Size Distribution of A1«0^ 

^ ^ 

Size 

No of particles 

i p 

3 

1 Vi 

5 

2 Vi 

6 

3 Vi 

8 

4 Vi 

11 

5 Vi 

18 

6 Vi 

21 

7 Vi 

16 

8 Vi 

8 

9 Vi 

4 
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Talale 3 

Size Distribution of Pe„0-, 
— 2~3 


No of particles having size p. 
No of particles having size 1 p. 
No of particles having size 2 p. 
No of particles having size 3 p, 

No of particles having size 4 p 

= 11 

= 22 

« 40 

= 23 

e= 4 

Table 4 

/x.e.co'je.yy 

Effect of pH on Al«Or, After Washine with 

A* ^ 

Acetone and Dilute HCl (-15 u) 

Collector concentration 

* 0 

pH 

^recovery 

2 5 

18.8 

3 4 

35 0 

4*0 

36 0 

5,0 

42 0 

7 0 

45 0 

7,5 

100,0 (almost) 

8,5 

n 

10 5 

* 

11 2 
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Table 5 

Effect of pH on the Recovery of Al20^ (Unwashed) 
Oolleotor concentration = 0 


pH 

Oy/ recovery 

2 3 

59 0 

3.4 

70,0 

5 4 

77 0 

6.3 

34 0 

7.4 

85 0 

8 2 

94 0 

9 5 

j 

95 0 

10 45 

94 0 

11 1 

90 0 
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Talale 6 


Effect of •pH on the Recovery of without a nv Collector 


pH recovery 


2 

5 

8 

0 

3 

1 

8 

0 

4 

0 

42 

0 

5, 

.3 

60 

0 

6 

8 

90 

0 

8 

4 

78 

0 

9 

4 

73 

0 

10 

. 2 

72 

0 

11 

5 

23 

0 


Table 7 


EfPRo.t of pH on. the Recovery of TiO^ 
Collector concentration - ml 


pH 


4 ^ 


^ f recovery 

to 


2.5 

4 5 

5 4 

6 3 
7 0 
8.2 
9 8 

10 3 

11 5 


5,7 
7 8 
11.0 
10 0 
15 0 

19.5 
22 0 

21.5 
17.0 
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f 


srreoi of 


Table 8 


pE = 7 5 


Oolleotor concentration 
moles/lit 


1 X 10 

1 X 10“ 

2 X 10" 
5 X 10' 
0 X 10“ 


(Unwashed) 


Table 9 


Ji.2% 


^ / recovery 


100 (almost) 


Oolleotor concentration 
moles/lit 


recovery 


' 96 


2 X 10’ 

5 X 10“ 

4 X 10“ 

5 X 10* 


85 
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Table 10 

o X..£a3. 1 . ^ , a1;or CQaqbnj;.ratiQn _on the Recovery of T'e ^O^ 


Collector concentration 
moles/lit 

recovery 

0 


87 


10“^ 

86 


10 

90 

2 

M 

H 

o 

1 

93 

3 

X 10"^ 

80 

4 

X 10^4 

60 

5 

I 

o 

r-{ 

38 


10-3 

26 


/ 


78 


Table 12 

lUepl of bH on pf Washed Alimina 

Collector concentration = 2 x 10“^ mol/lit 


pH 

0/ recovery 

r 

2*5 

100 (almost) 

3.5 

It 

4.5 

It 

6 0 

It 

7 5 

M 

8 5 

ft 

9.5 

M 

10.0 

M 

11 0 

It 
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Table 13 

on the Recovery nf Ai ^n_ (ifewashed) 
Collector concentration = 2 x 10“^ mol/lit 


pH 

0 l^reoovery 

2 0 

62 

0 

3 2 

67 0 

4 1 

90 

.0 

5 5 

93 

0 

6 2 

92 

0 

7 6 

93 

0 

8 5 

92 

0 

9 5 

92 

9 

XO 4 

91 

0 

11*5 

88 

0 
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Table 14 

g f Jeot. of pH„ ,im_bh^ ecoverv of Pe .p ^ at 2 x IQ-"^ moles /lit 
.0 Pile c tor OoncontratloTi 


^ recovery 


2 0 

85 

2 8 

86 

4 2 

88 

5 8 

91 

7 4 

98 

8 4 

97 

9,5 

97 

10 4 

91 

11 5 

88 
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Table 15 

l££gilL...of -pH on th e Re o ovary of TiO „ 

Collector concentration = o 4 x lO”"^ mole/lit 


pH 


(O 


recovery 


2 0 

21 

2 5 

22 

3 2 

18 

4 2 

23 

5*2 

25 

6 0 

28 

7 1 

55 

8 2 

50 

9 0 

57 

10 2 

54 

11 0 

37 
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Table l6 


Sriect of T)H on the 

Recovery of TiO^ 

Collector concentration 

= 2 X 10 mole/lit 

pH 

o/ recovery 

'0 

2 5 

52 

4 5 

45 

5 5 

40 

7 5 

42 

8 5 

58 

9 5 

60 

10 5 

85 

11 • 5 
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11,7 
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Table 18 

lariation of «Ep » and ’D* p TT 





10 


5 


pH 


K H**" 
a 


= Ka[(l+K^H+)/K^H+] 

4.4 

5 4 

10-'^ 

10“5 4 

4 0 

A 

0 4 

11 46 

6 71 

14 32 

23 50 

6.4 

lo-e 4 

4x10"2 

5 15 

1 29x10^ 

7 4 

10 ^ 

4x10”^ 

5 22 

8 05x10^ 

8 0 

X0-® 0 

10“^ 

0 8775 

8 8x10^ 

9 0 

10“^ ° 

I 

o 

H 

0 508 

3 1x10^ 

10 8 

H 

O 

1 

H 

O 

CO 

1.6x10“^ 

0 151 

9x10"^ 


vji-F^vjjroH vji -f!* ro H o>vji->-^^roH vjj^vjjroH 
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Table 19 

■AL soypti o n. from Aqueous Solution on Al ^O^ Powder 


Si pH Coxmts Initial Coimt Ooncen Amoiant p(=r^5 ”^10^) 

Pe^:* concen rate/ of soln. absorbed 

minute moles/ min after in molea/cm 


before lit 
absotp- .5 
tion 


after absorp- moles/gm 
absorp- tion 


10 8 


9 0 


8.0 


7 4 


6 4 


tion 


xlOj 


xlO' 


850 

0 

33 

25 

151. 

,0 

6 0 

27.25 

0 

908 

356 

0 

14 

25 

106 

8 

4 25 

10 00 

0 

34 

158 

4 

6 

5 

58 

6 

2 5 

4.00 

0 

13? 

58 

9 

2 

5 

24 

24 

1 0 

1 5 

0 

05 

30 

92 

1 

5 

16 

92 

0 845 

0 655 

0 

022 

- 

- 

89 

5 

• 

• 

58 5 

31 0 

1 

03 

454 

2 

17 

0 

93 

24 

3 5 

13*.5 

0 

45 

207 

12 

7 

75 

72 

48 

2 75 

5 0 

0 

17 

47 

4 

1 

74 

25 

56 

0 105 

1.63 

0 

054 

39 

6 

1 

5 

13 

68 

0 051 

1.449 

0 

048 

30 

76 

1, 

,16 

4 

44 

0 0165 

0 995 

0 

033 


. 

76 

0 

• 


20.4 

55 6 

1 

85 

2067 

72 

24 

8 

545 

52 

6 55 

18 25 

0 

608 

879 

6 

10 

57 

252 

24 

3,35 

7.22 

0 

241 

176 

16 

2 

11 

56 

28 

0*675 

1 435 

0 

048 

75 

6 

0 

81 

47 

52 

0 575 

0 235 

0 

0075 

27 

48 

0 

331 

12 

72 

0 153 

0 178 

0 

0059 

402 

0 

12 

0 

172 

00 

5 0 

7 0 

0. 

.233 

52 

0 

1, 

,5 

37 

68 

1 12 

0 38 

0 

0127 

8 

64 

0 

24 

4 

8 

0 l5 

0 11 

0 

0037 

6 

48 

0 

194 

3 

24 

0 0875 

0 1065 

0, 

*00355 

3 

48 

0 

0945 

0 

0 

0 0 

0 0945 

0 

00315 

261 

6 

2 

8 

116 

16 

1 21 

1 59 

0 

055 

125 

0 

1 

3 

56, 

*04 

0 585 

0 715 

0 

024 

35 

28 

0 

365 

17 

04 

0 177 

0 188 

0 0063 

24 

6 

0 

257 

8 

.04 

0 083 

0 174 

0 

0055 

7 

8 

0 

081 

5 

52 

0 0575 

0 024 

0 

0008 
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Table 19 continued 


Si 

pE Counts 

Initial 

Count 

Concen 

AmomtP 

P(=p73 0x10 

No 

per 

minute 

concen 

moles/ 

rate/ 

min 

of soln 
after 

absorbed 

in 

2 

moles/om 


before 

lit 

after 

absorp- 

moles/gm 

xlO^ 


absorp- 


absorp- 

tion 



tion 

xlO^ 

tion 


7 






xlO^ 

xlO' 



288 

6 

3 

8 

101 

0 

1 

33 

14 

64 

0 

183 

10. 

.56 

0 

132 

5 

76 

0 

076 

135 

00 

2 

5 

95 

4 

1, 

.75 

25 

32 

0, 

,462 

20 

76 

0 

38 

6 

6 

0 

122 

3 

00 

0 

071 


153 

6 

2 

0 

71 

3 

0 

89 

11 

76 

0 

147 

8 

52 

0 

106 

4 

08 

0 

0535 

133 

92 

2 

48 

94 

88 

1 

748 

24 

72 

0 

457 

20 

4 

0, 

.337 

6 

6 

0 

122 

3 

96 

0 

079 


1 

8 

0 

06 

0 

44 

0 

0147 

0 

036 

0 

0012 

0 

026 

0 

00087 

0 

023 

0 

00077 

0 

02 

0 

00068 

0 

01 

0 

00034 

0 

005 

0 

00017 

0, 

.003 

0 

0001 

0 

0 


- 

0 

.0 


Mi 


\ji -!>■ iv> H* vjHi- v>i fv) H* ro*-' ui^x^roj-J vxi-fs>-\jg iv> h 
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Table 20 

Adsorption from Organic Phase ( Bode pane ) 


SI pH 


Counts/ 

mm 

before 

adsorp~ 

tion 


Initial 

conc^n 

moles/ 

lit 

xlO^ 


Counts/ 

mm 

after 

equili- 

briation 

with 

solid 


Corres- 
ponding 
amount 
in moles/ 
lit 

XlO® 


r 

Amount 

adsorbed 

m 

moles/g 

xlO^ 


=:(p^3xlO^) 

p 

mole /cm 


xlO' 


10 

8 

60 

00 

2 

5 

14 

64 



30 

22 

1. 

.250 

11 

64 



20 

6 

0 

75 

8 

04 



14 

6 

0 

53 

5 

64 



9 

0 

0 

3 

4 

8 

9 

0 

155 

4 

6 

0 

5 

76 



60 

8 

2, 

.3 

0 

0 



16, 

8 

0 

5 

0. 

.0 



15 

24 

0 

45 

0 

0 



10 

56 

0 

35 

0, 

.0 

8 

0 

1289 

28 

15 

6 

10 

8 



751 

92 

9 

1 

5 

88 



152 

5 

1 

8 

0 

0 



65 

04 

0 

785 

0 

0 



25 

0 

0 

301 

0 

0 

7 

4 

1080 

48 

32 

2 

30 

0 



165 

0 

4 

9 

17 

28 



25 

68 

0 

7 

0 

0 



25 

44 

0 

69 

0 

0 



10 

88 

0 

295 

0 

0 

6 

4 

1346 

0 

14 

0 

448 

^4 



617 

2 

6 

,35 

194 

.76 



182 

5 

1 

,9 

17 

28 



129 

5 

1 

35 

9 

6 



43 

2 

0 

.45 

3 

,0 


0 

05 

0 

245 

0 

08 

0 

375 

0 

0875 

0 

029 

0 

25 

0 

05 

0 

017 

0 

22 

0 

03 

0 

01 

0 

19 

0 

Oil 

0 

004 

0 

217 

0 

5783 

0 

19 

0 

0 

0 

23 

0 

073 

0 

0 

0 

05 


— 

0 

0 

0 

045 


— 

0, 

.0 

0 

035 



0 

13 

1 

547 

0 

51 

0 

0705 

0 

903 

0 

30 

0 

0 

0 

1805 

0 

06 

0 

0 

0 

.0785 


— 

0 

0 

0 

0301 


— * 

0 

816 

3 

1384 

1 

046 

0 

47 

0 

443 

0 

148 

0 

0 

0 

07 

0 

0023 

0 

0 

0 

069 


"T 

0 

0 

0 

0295 


mm. 

4 

675 

0 

9325 

0 

31 

2 

01 

0 

434 

0 

145 

0 

177 

0 

,1723 

0 

057 

0 

.1 

0 

,125 

0 

042 

0 

0312 

0 

,04188 

0 

014 
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Table 20 continued 


Si pH Counts/ Initial 
No min concen. 

before molea/ 
adsorp- lit 
tion 

xlO^ 


Counts/ Corres- 
min ponding 

after amount 

equili- in moles/ 
briation lit 
with r 

solid xlO^ 


P 

Amount =(|^/3xl0^) 
adsorbed „ 

in mole/cm 

moles/g 

xlO^ xlO^ 


5-4 


4 4 


1950 , 

.0 

25 

65 

1479 

0 

704 

04 

9 

25 

385 

08 

92 

7 

1 - 

.22 

50 

52 

64 

2 

0 

845 

20 

4 

39 

88 

0 

515 

0 

0 

1385 

00 

25 

6 

103 

68 

1006 

8 

18 

65 

78 

0 

365 

4 

6 

7 

16 , 

.08 

257 

4 

4 

75 

11 

88 

SAi 

,8 

1 . 

,18 

7 

68 

43 

2 

0 

8 

2 

04 


19 

4 

0 , 

.625 

0 

208 

5 

075 

0 

4175 

0 

14 

0 

665 

0 

0555 

0 

018 

0 

268 

0 

0577 

0 

019 

0 

0 

0 

0515 

0 

017 

2 , 

.0 

2 

36 

0 

79 

1 

44 

1 

721 

0 

57 

0 

2975 

0 

64025 

0 

21 

0 

2 

0 

455 

0 

152 

0 

142 

0 

1058 

0 

034 

0 

037 

0 

0763 

0 

025 
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Table 23 

Effect of pH on Contact Angle (s), etc 
Wnter-Dodecone-Sodiuo Myristate System 


in the 


SI 

No 


T — ' — r 


1 pH 

Ooncentration 

» 

Contact I 
.anele ! 

} 

mole 3 /lit 

^wo i 


1 

(6) I 



°W i 

in/ ; 

degrees ! 

dynes 


wo 


Oos©{W. or 


\yT^Q{i-0o3&) 


>er 


cm 


4 4 

2 5 

21 0 

50 


1 75 

15 0 

47 


0 46 

3*9 

25 


0 58 

3 2 

20 


0 24 

2 0 

10 


0 075 

0 64 


5*4 

4 56 

26 5 

58 


0 75 

5 0 

25 


0 18 

1 2 

18 


0 15 

0 88 

17 


0 10 

0 68 


6*4 

2 8 

14 0 

58 


1 5 

7 5 

45 


0 57 

1 8 

30 


0 26 

1 3 

20 


0 06 

0 51 

- 

7.4 

12 0 

37 0 

90 


1 5 

4 7 

98 


0*25 

0 78 

92 


0.19 

0 59 

57 


0*14 

0 43 

52 

8*0 

24^8 

20 0 

80 


10^6 

8 5 

68 


2*11 

1 7 

60 


0 8 

0 64 

45 


0 33 

0 26 

42 

9*0 

6*0 

1 8 

61 


2*3 

0*70 

50 


0 5 

0*X5 

40 


0.45 

0 14 

37 

U 

0 55 

0 10 

- 


31 

4 

20 

1 

11 

3 

31 

6 

21 

5 

10 

1 

38 

*1 

34 

3 

3 

8 

38 

3 

36 

0 

2 

3 

41 

5 

40 

7 

0 

8 

45 

2 

43 

2 

0 

0 

32 
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38 
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34 
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43 

1 

40 
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44 
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42 
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5 

44 

5 
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33 
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36 

9 

26 
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43 
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37 
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44 
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41 
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44 

2 

44 
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32 
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00 

32 
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38 
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44 
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43 
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44 
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44 
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23 
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44 
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27 
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16 
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33* 
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5 
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27 

7 

31 
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11 
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19 
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33 
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16 

8 

40 

0 

28 

4 

11 

6 

43 
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31 
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31 

6 

15 

1 

16 

5 

32 

0 

20 

5 

11 

5 

42 

0 

32. 
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9 

7 

42 

0 

33 

6 

8 

4 

42 

5 

42 

5 
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Table 24 



Typical Values of K, and n with 

Equations 5 and 7 IMder Section 4 

Reference 

6 

to 


System 

1 H ! 
1 ^ 1 

E» 

f 

! 

I ^ 

1 

1 

Corundtun-organic phase 

6x10“^ 

1 035x10^ 

0 35 

2 

Corundum-aqueous phase 
pH 9 0 

6x10“^ 

1 035x10^ 

0 35 

5 

Corundum-aqueous phase 
pH 6 4, 7 4, 8 0 and 

10 8 

4 886x10"^ 

2 01x10' 

1,40 

4 

Corundum-aqueous phase 

pH 4 4 

3x10’® 

7 5x10^ 

1 00 

5 

Eutile -organic phase 
(approximate values) 

1 4x10’® 

8 05x10*^ 

0 45 

6 

Rutile -aqueous phase 

7 0 

5 44x10’® 

5 03x10^ 

*X 

0 626 

7 

Rutile-aqueous phase 
pH 6 0 and 8 0 

1 5x10’*^ 

9 7x10^ 

0 889 




Por rutlle-systams, A Vgo '''alues are 1 6 and 4 5 dsmes/o 
at 10-« and lO'^ m/1 oonoeatration Oorreapcnarng AVgw 
raluea «e 0.9 «d 5.7 at pH 7 0 and 0 045 and 0 55 for 

both pH 6 0 and 8 0 at the reepeotrve concentrations. 
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